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ABSTRACT 


A  field  project  involving  the  study  of  F^,  F ^  and 
F^  hybrids  from  l6  crosses  between  barley  varieties  ranging 
in  dates  of  maturity  from  early  to  late,  was  carried  out 
during  the  summer  of  1951*  The  F^  and  F2  were  studied  during 
the  previous  year  and  are  included  in  the  analysis  to  pro¬ 
vide  a  link  between  the  F2  in  19f>0  and  the  F^  in  1951.  The 
latter  generation  is  the  basis  of  the  genetic  analysis* 

Seven  of  the  crosses  have  been  analyzed.  The  in¬ 
creased  variance  in  a  segregating  line  over  that  of  a  non¬ 
segregating,  or  pure  line  is  used  as  a  basis  for  classifying 
the  F^  lines  into  two  classes,  segregating  and  non- segregating. 
The  ratio  of  the  classes,  so  determined,  is  an  indication  of 
the  number  of  genes  segregating  for  earliness  and  suggests  a 
further  classification  based  on  the  means  of  the  F3  lines. 

A  final  check  on  the  validity  of  the  phenotypic  classifi¬ 
cation  is  the  distribution  of  homozygotes  within  the  classes. 

The  conclusions  reached  take  into  consideration: 

(a)  behaviour  in  F-^  and  F2  generations, 

(b)  parental  recovery  in  F2,  (the  distribution  is 
simulated  by  the  F^  means) 
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(c)  transgressive  segregation, 

(d)  ratio  of  segregating  to  non- segregating  lines, 

(e)  proportion  of  homozygous  individuals  in  each 
phenotypic  class,  and 

(f)  the  origin  of  the  parent  lines* 

It  was  found  that  the  varieties  of  barley  studied 
differed  in  their  gene  make-up  at  two  loci*  However,  the 
possibility  of  one  major  gene  difference,  conditioned  by 
minor  genes,  is  not  excludedo 
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INHERITANCE  OP  EARLINESS  IN  BARLEY 


Gilbert  I.  Paul 


INTRODUCTION 


The  phenotypic  expression  of  a  quantitative  char¬ 
acter  such  as  earliness  may  be  considered  as  the  sum  of  a 
genetic  effect,  a  deviation  attributable  to  environment  and 
the  interaction  between  the  genotype  and  environment  in¬ 
volved#  Although  environmental  effects  are  studied  herein 
only  to  the  extent  to  which  they  may  be  controlled,  or  elim¬ 
inated,  it  is  important  to  examine  the  many  ways  in  which 
the  environment  affects  the  earliness  characteristic  in 
barley# 

Bell  (2)  stressed  the  relationship  between  physio¬ 
logy,  heredity  and  environment  in  the  expression  of  earliness# 
The  time  at  which  a  particular  cereal  variety  comes  into  head 
is  the  manifestation  of  a  complex  series  of  physiological 
processes  within  the  plant#  He  found  the  light  requirement 
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to  be  an  exceedingly  important  factor  in  determining  earliness, 
for  example,  a  plant  which  is  early  in  one  area  may  react 
quite  differently  in  another  area  where  the  light  intensity 
and  duration  differed. 

Other  workers,  as  reported  by  Smith,  (11)  found 
that  temperature,  nitrogen  content  of  the  soil,  sand  content 
of  the  soil,  and  special  concentrations  of  auxins  and  coumarin 
were  significant  influences  on  time  of  maturity  in  barley. 

On  the  genetical  side,  workers,  as  reviewed  by 
Smith  (11),  have  found  the  expression  of  earliness  to  be  de¬ 
pendent  on  from  one  to  many  genes.  Griffee  (£)  reports  a 
single  gene  pair  responsible  for  earliness  and  that  the  gene 
for  earliness  is  dominant.  Johnston  and  Aamodt  (9,10)  studied 
the  generation  from  a  cross  between  an  early  and  a  late 
variety  and  considered  that  earliness  was  best  explained  on 
the  basis  of  polymeric  genes.  They  found  that  time  of  heading 
is  so  influenced  by  environmental  factors  that  data  pertaining 
to  individual  plants  are  of  no  great  significance,  and  also 
that  it  is  impractical  to  use  parental  distributions  as  a 
measure  of  homozygosity.  Their  conclusions  were  that  earliness 
was  dependent  on  two  or  more  gene  pairs  and  that  transgressive 
segregation  for  both  earliness  and  lateness  was  clear. 

Wilson  (13)  conducted  one  of  the  first  genetic 
studies  of  early  maturity  and  indicated  that  earliness  was 
recessive  to  lateness. 
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Bell  (2)  postulated  that,  within  a  pure  line, 
normally  developed  plants  will  occupy  a  period  of  from  four 
to  five  days  to  accomplish  over-all  ear  emergence  in  a  plot 
of  200  to  25>0  plants*  He  found  that  difference  in  time  of 
seeding  varies  from  year  to  year  and  that  seeding  F^,  F2  and 
F^  generations  in  successive  years  was  much  less  valuable 
than  seeding  all  generations  under  study  within  the  same 
year  and  at  the  same  date.  The  F^  generation  in  his  study 
inclined  toward  the  later  parent  and  the  F2  reacted  oppositely. 
Transgressive  segregation  appeared  in  some  crosses. 

From  the  above  review  it  is  quite  apparent  that 
environment  and  genetic  constitution  determine  the  earliness 
of  a  plant  almost  equally.  The  genotype  determines  the 
capability  of  a  plant  to  be  early  and  the  environment  deter¬ 
mines  whether  and  to  what  extent  this  capability  will  be 
expressed. 

These  two  main  influences  may  be  difficult  to 
separate,  especially  when  the  genetic  variance  is  affected 
by  (a)  epistasis  (i.e.,  all  types  of  interactions  among  non¬ 
allelic  genes),  (b)  varying  degrees  of  dominance,  and 
(c)  the  presence  of  linked  genes. 
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OBJECTIVES 


The  object  of  this  study  is  to  determine  the  mode 
of  inheritance  of  the  earliness  characteristic  in  barley* 

Mode  of  inheritance,  here,  includes  questions  of  (a)  the 
number  of  genes  that  have  an  effect  on  the  phenotype,  (b) 
whether  the  genes  common  to  a  particular  variety  are  in¬ 
creasing  allelomorphs  (AABBCC.*.),  or  decreasing  allelo¬ 
morphs  (aabbcc***),  and  (c)  whether  the  genes  for  earliness 
are  dominant,  partially  dominant,  or  recessive  to  lateness. 

Work  leading  up  to  the  final  analysis  was  done 
chiefly  on  F^  and  F^  generations  of  plants  from  early  x  early, 
early  x  late  and  late  x  late  crosses*  The  purpose  of  the 
present  study  is  to  carry  out  a  more  critical  analysis  on 
the  F^  generation  of  plants*  F^  and  F^  generations  were  in¬ 
cluded  in  the  project  to  provide  a  link  between  the  F^  of 
1951  and  the  F^  generation  of  1950.  However,  the  main  em¬ 
phasis  will  be  placed  on  F^  data  and  their  analysis. 


ar7iTtr''v,en 


■  i  •  ‘ 

•  '  ■  ‘ 1  ^  ’  '  .  •  '  '  9D-fl£dil« 

t 

7 

”  ■  ‘ 

t  (  *  *  .  i 

■  '•  -  7  Iq  1  /  ■  r.  ;e  ■ 

1 

-  •  7 1 J  /ao.Ld\Lio  eciei.:j  b  r;"o  v^;. d  oo  ei*  vtn?:«(7vc; 

.  t 

'xo  on;.*  •  •  ewi od  .  . • '  •  oj  r o ?•  ‘  ev..  e/M  xr.i 

~ 

■ 


-  5  - 


MATERIALS  AND  METHODS 


The  summer  of  195>1  was  an  unusually  good  season 
for  carrying  out  the  study  of  the  inheritance  of  earliness. 

At  no  time  was  there  a  lack  of  moisture,  nor  did  the  tempera¬ 
ture  fluctuate  appreciably  during  the  period  of  vegetative 
growth  and  of  heading.  All  of  the  material  was  seeded  within 
a  two-day  period  on  a  level  piece  of  land  approximately 
square  in  shape.  The  above  factors  serve  to  lessen  the  de¬ 
gree  of  variation  Introduced  into  the  hybrid  lines.  In 
addition,  special  devices,  such  as  the  growing  of  an  O.A.C.  21 
check  uniformly  dispersed  throughout  the  test  and  the  growing 
of  a  parental  variety  for  every  five  hybrid  lines,  were  used 
to  aid  in  controlling  the  variation  due  to  non-heritable 
sources . 


F  progeny,  each  associated  with  a  particular 
phenotype  (days  to  heading)  in  the  F ^  parent,  were  seeded  in 
individual  13-foot  rows,  one  foot  apart,  on  a  specially 
selected  plot  of  land.  To  facilitate  handling  of  the  material 
the  project  was  conveniently  divided  into  five  replicates. 

The  first  three  were  seeded  on  essentially  the  same  day  and 
included  practically  all  of  the  F ^  hybrid  material.  Replicate 
four  is  of  special  interest,  much  smaller  in  number,  and 
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will  not  be  treated  in  the  present  analysis.  Replicate  five 
was  seeded  three  weeks  later  than  the  preceding  four  and 


from  the  same  crosses,  and  generations  from  three  of  the 
crosses.  The  replicates  are  so-called  for  want  of  a  better 
name.  They  have  in  common  the  same  crosses  but  not  the  same 
number  within  each  cross. 

Sixteen  crosses  between  varieties  ranging  in  time 
of  maturity  from  early  to  late  were  seeded.  The  crosses 
were  made  up  of  the  following  combinations:  early  x  early, 

(2  crosses)  mid-early  x  early,  (1  cross)  mid-early  x  mid- 
early,  (1  cross)  mid-early  x  late,  (1  cross)  late  x  mid-early, 
(2  crosses)  early  x  late,  (3  crosses)  late  x  early,  (3  crosses) 
and  late  x  late  (3  crosses).  Of  these  sixteen  crosses,  the 
results  from  seven  will  be  discussed  in  this  paper.  The 
composition  of  each  cross  studied  is  summarized  in  Table  I. 
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Table  I 


Composition  of  Barley  Crosses  Studied 

No.  of 
Cross 

Type  < 

of 

Cross 

Composition  of  Cross 

Generations 

Studied 

i 

early 

X 

early 

Atsel 

X 

Tulare 

Fi> 

f2. 

P3 

2 

early 

X 

late 

Atsel 

X 

Bonneville 

V 

V 

F3 

3 

early 

X 

late 

Atsel 

X 

Frontier 

F2’ 

P3 

4 

late 

X 

early 

Montcalm 

X 

Atsel 

P2’ 

P3 

5 

late 

X 

early 

Montcalm 

X 

Beecher 

P2> 

P3 

6 

late 

X 

early 

Montcalm 

X 

Tulare 

f2. 

P3 

7 

late 

X 

late 

Frontier 

X 

Bonneville 

V 

P2> 

P3 

Following  emergence,  the  plants  were  uniformly 
thinned  to  three  inches  between  plants  to  facilitate  indivi¬ 
dual  plant  study# 

Heading  notes  were  taken  each  day  from  the  time  the 
first  plant  headed  until  the  heading  period  was  completed. 

In  all,  daily  records  on  heading  were  taken  on  about  85*000 
plants.  The  criterion  used  to  classify  a  plant  as  being 
headed  was  the  extrusion  of  the  top  floret  above  the  flag 
leaf.  Days  to  heading  was  taken  to  be  the  measure  of  the 
earliness  of  a  plant.  Previous  workers  (2,  10)  have 

found  the  date  of  ear  extrusion  to  be  a  more  reliable  measure 
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of  earliness  than  the  actual  date  of  maturity  of  the  plant. 
Not  only  did  the  date  of  extrusion  fluctuate  less  readily, 
but  also  the  plant  was  less  susceptible  to  diseases  and 
pests  during  the  period  immediately  preceding  heading  than 
during  the  period  between  heading  and  ripening.  In  addition, 
it  is  much  easier  to  determine  the  time  of  heading  than  the 
time  of  maturity;  which  is  an  important  consideration  when 
studying  a  large  number  of  plants# 

All  crosses  under  study  are  between  varieties  of 
barley  within  the  genus  Hordeum  vulgar©  L# 

Atsel,  C.I.  6250  ***,  originated  as  a  plant  selection 
made  from  a  commercial  lot  of  Atlas  barley  at  Davis,  Cali¬ 
fornia,  in  1933*  (1)  Atlas,  C.I#  I|.ll8,  in  turn  is  a  pure 

line  selection  made  from  Coast,  C.  I.  6ll5,  the  original 
barley  introduced  by  the  Spanish  settlers#  The  more  remote 
origin  of  Coast  was  postulated  to  be  North  African# 

Beecher,  C#I#  6^66,  is  derived  from  the  cross  Atlas 
x  Vaughn.  Vaughn,  C#I#  13&7*  of  hybrid  origin,  came  from 
the  cross  Lion  x  Club  Mariout.  Lion,  C#I#  923 $  is  an  intro¬ 
duction  from  Southern  Russia,  and  Club  Mariout,  C#I.  26l, 
was  introduced  from  the  irrigated  sections  of  Lower  Egypt  in 
1903. 

^  Cereal  Investigation  number  (U#  S.  Dept,  of  Agriculture). 
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Montcalm,  C.I.  7ll|9>  originated  from  the  cross 
(Michigan  31604.  x  Common  Six-Rowed  I|307  M.C.  x  Mandscheuri 
1807  M.C  ♦  The  Michigan  3160I4.  parent  is  similar  to  Lion, 
while  the  other  two  parents  are  of  the  Manchuria  type. 

Frontier,  C.I.  715>5*  is  a  selection  from  one  of  a 
large  number  of  crosses  made  by  Harlan  et  al,  (7)*  The 
selection  came  from  a  portion  of  the  material  where  all 
crosses  were  bulked,  hence  the  exact  parentage  is  unknown. 

Bonneville,  C.I.  is  derived  from  the  cross 

Colorado  3063  x  Winter  Club  (7)*  Colorado  3063  in  turn  came 
from  the  cross  Coast  x  Lion.  According  to  Harlan  and  Martini, 
(6)  the  history  of  Winter  Club,  C.I.  is  unknown. 

Little  is  known  about  the  variety  Tulare,  other 
than  that,  under  Californian  conditions,  the  variety  was 
found  to  be  two  or  three  days  earlier  than  Atsel.  Under 
Edmonton  conditions,  Atsel  is  the  earlier  variety. 

The  arithmetic  means  and  variances  were  calculated 
for  each  row  of  material,  including  parent  varieties,  F^ 
progeny,  F^  progeny  and  F^  progeny  lines*  The  mean  days  to 
heading  was  considered  less  subject  to  environmental  in¬ 
fluences  than  the  days  to  heading  of  a  single  plant  and 
therefore  the  mean  of  each  F^  line  is  used  to  identify  the 
phenotype  of  the  F ^  parent  from  which  it  was  derived.  All 
of  the  F^  means  from  one  cross  taken  as  a  whole  simulate  the 
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F 2  distribution,  the  distribution  in  which  segregation  begins. 

The  variance  is  used  as  a  measure  of  the  variability 
within  each  row.  In  parental  rows  the  variance  consists  of 
a  component  due  to  non-heritable  sources  only,  since  parent 
varieties  are  considered  pure  lines  in  which  no  segregation 
for  major  characteristics  occurs.  The  F^  resulting  from  a 
cross  between  two  pure  line  parents  is  genetically  stable, 
in  that,  the  genotypes  of  the  plants  are  all  alike,  and 
therefore  its  variance  consists  of  a  non-heritable  component 
only.  In  the  F£,  segregation  of  genes  occurs,  and  the  F^ 
distributions  contain  an  heritable  component  of  variation  in 
addition  to  the  non-heritable  portion  common  to  non- segregating 
lines.  The  increased  variance  of  the  F^  over  the  genetically 
stable  lines  is  a  function  of  the  number  of  gene  differences 
between  the  two  parents  (neglecting  the  effect  of  linked 
genes,  epistasis  and  dominance). 

Some  of  the  genotypes  in  the  F^,  depending  on  the 
size  of  the  population,  will  be  like  the  parent  genotypes. 

The  number  of  parental  recoveries  is  an  indication  of  the 
number  of  loci  involved  in  expressing  the  character,  earliness, 
in  a  certain  population  size.  If  earliness  is  a  dominant 
character,  there  will  be  pronounced  positive  skewness,  and 
if  earliness  is  recessive,  a  negatively  skewed  distribution 
will  result.  With  complete  absence  of  dominance  the  F^ 
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distribution  will  be  symmetrical. 

The  test  of  the  genotype  is  in  its  progeny.  If  in 
the  P2  there  occur  genotypes  like  each  parent,  then  in  the 
F^  generation  there  will  be  lines  phenotypically  like  each 
parent  and  with  equal  variance.  The  ratio  of  segregating  to 
non- segregating  F^  lines  is  an  indication  of  the  number  of 
genes  in  which  the  parent  varieties  differ. 

An  average  variance  of  the  parental  varieties  used 
as  checks  was  calculated  to  assess  the  separate  variances  of 
the  F^  lines  and  thereby  arrive  at  a  nfirst  estimate11  of  the 
number  of  homozygous  lines  in  the  F^  generation. 

In  a  monohybrid  cross,  with  dominance  absent  the 
theoretical  ratio  of  segregating  to  non- segregating  lines  is 
1:1.  The  phenotypes  are  divided  into  3  classes,  1  AA  :  2  Aa 
:  1  aa.  The  non- segregating  lines  being  distributed  in  the 
extreme  classes.  In  a  dihybrid  cross  the  phenotypic  classes 
are  as  follows: 

Ratio  1  :  [{.  :  6  :  lj.  :  1 

(1)  AABB  (2)  AaBB  (4)  AaBb  (2)  Aabb  (1)  aabb 
Genotype  (2)  AABb  (1)  AAbb  (2)  aaBb 

(1)  aaBB 


Here  the  ratio  of  segregating  to  non- segregating  F^  lines  is 
3:1*  The  non- segregating  F^  lines  are  distributed  in  the 
first,  third  and  fifth  classes  in  a  ratio  of  1:2:1. 
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In  a  trihybrid  the  phenotypic  classes  are  seven  in 
number  with  the  ratio  being  7:1*  (segregating  to  non-segre¬ 
gating)  and  the  distribution  of  the  non- segregating  lines  is 
according  to  a  1:3:3:1  ratio  in  the  first,  third,  fifth  and 
seventh  classes. 

The  means  of  the  FQ  lines  were  used  as  a  basis  for 
classifying  the  data  into  the  number  of  phenotypic  classes. 

The  ratio  of  segregating  to  non- segregating  lines  was  an  in¬ 
dication  of  the  number  of  classes  to  be  used,  and  the  final 
test  was  the  distribution  of  the  homozygotes. 

Snedecorfs  F  test  (12)  was  used  to  test  the  homo¬ 
geneity  of  the  variances  of  the  F0  lines  and  the  variances  of 
the  parental  check  rows.  The  denominator  in  each  case  was 
the  composite  variance  of  the  parental  rows  and  the  numerator 
was  the  variance  of  each  F^  line. 

A  ratio  giving  an  F  value  significantly  greater  than 
one  was  considered  to  be  significant  and  the  particular  vari¬ 
ances  that  were  homogeneous  were  assumed  to  be  from  non¬ 
segregating  F^  lines.  Thus,  ratios  of  segregating  to  non¬ 
segregating  lines  were  obtained  for  each  cross.  The  ratios 
were  tested  for  goodness  of  fit  to  hypothesized  genetical 
ratios  by  the  Chi-Square  test  for  goodness  of  fit  (12). 
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Table  II 


Days  to  heading  of  and  F^  hybrids  and  parental  varieties 


41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55  56  57  58  S9 

Mean 

Variance 

N 

Atsel 

1 

3 

2 

42.7 

0.818 

11 

Tulare 

1 

22 

18 

3 

4- 

43.7 

O.883 

48 

h 

1 

5 

5 

1 

45.5 

0 .636 

12 

2 

5 

3 

3 

46.5 

1.108 

13 

1 

1 

2 

2 

46.8 

1.380 

6 

P2 

5 

5 

3 

1 

2 

6 

17 

8 

3 

7 

3 

1 

1 

48.6 

9.183 

62 

1 

2 

6 

3 

2 

12 

7 

11 

7 

3 

2 

1 

47.7 

6.733 

57 

1 

2 

1 

2 

1 

1 

7 

4 

6 

8 

5 

4- 

5 

4 

2  2  1 

49.7 

13.691 

56 

p^  means 
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2 

3 

4 
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Table  II  (continued) 


Days  to  heading  of  F^  and  F^  hybrids  and  parental  varieties 


42  43  44  45  46  47  48  49  50  5l  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  Mean  Variance  N 


Atsel 

6  9 

7  2 

1 

43.4 

1.407 

25 

Bonneville 

7 

23 

13 

9 

19 

2 

5 

1  2 

60.7 

3.704 

81 

pi 

1 

3 

3 

2 

52.6 

1.525 

9 

1 

4 

6 

6 

3 

52.1 

2.258 

20 

2 

3 

1 

52.8 

0.560 

6 

P2 

1 

2 

1 

7 

1 

3 

3 

4 

8 

10 

3 

6 

k 

2 

2 

1 

54-i 

17.173 

58 

1 

3 

1 

3 

5 

8 

6 

5 

12 

11 

9 

6 

7 

3 

52.7 

10.151 

80 

F3  means 

1 

1 

Atsel 

1 14 

5  1 

l 

1 

1 

43.8 

2.433 

24 

Frontier 

6 

18 

31 

7 

9 

2 

b 

3 

1 

58.5 

3.252 

81 

P2 

1 

10 

5 

7 

9 

8 

10 

5 

6 

1 

3 

1 

2 

1 

55.1 

11.475 

69 

1 

2 

2 

4 

2 

7 

6 

7 

10 

3 

3 

1 

1 

1 

3 

1 

121 

55.7 

19.502 

58 

2 

2 

1 

5 

3 

2 

5 

7 

8 

10 

13 

1 

3 

5 

53.7 

10.879 

67 

2 

3 

5 

5 

6 

10 

12 

14 

8 

5 

4 

k 

2 

54.1 

8.718 

80 

means 

1 

2 

3 

1 

1 

1 

1 
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Table  II  (continued) 


Days 

to  heading  of 

pi 

and 

P2 

hybrids 

and 

parental 

varieties 

39  4° 

in 

42 

43 

1* 

45 

46 

47 

48 

49 

50 

51 

52 

£3 

54 

55 

56 

57 

58 

59 

60  Mean 

Variance 

N 

Montcalm 

10 

23 

22 

11 

4 

1 

54.7 

1.326 

71 

Atsel 

1 

9 

3 

l 

434 

0.862 

14 

p2 

3 

2 

6 

6 

1 

2 

4 

4 

4 

5 

7 

15 

2 

4 

3 

1  52.4 

19.589 

74 

1 

1 

2 

3 

2 

1 

2 

8 

3 

8 

5 

4 

9 

2 

7 

5 

1 

51.4 

17.200 

64 

4 

2 

2 

4 

5 

1 

3 

7 

3 

6 

4 

5 

4 

9 

4 

4 

4 

51.6 

21.029 

69 

F^  means 

1 

1 

1 

1 

Montcalm 

2 

17 

30 

16 

3 

1 

54-i 

O.908 

69 

Beecher 

6 

6 

7 

4 

3 

2 

2 

45.3 

3.8^8 

30 

P2 

1 

1 

6 

20 

11 

2 

8 

5 

2 

2 

1 

2 

2 

2 

4 

2 

2 

1 

46.2 

18.974 

74 

10 

11 

4 

6 

9 

2 

4 

5 

3 

3 

6 

3 

1 

47.3 

16.725 

72 

F^  means 

l 

1 

1 

1 

l 

1 

Montcalm 

2 

17 

30 

16 

3 

1 

54.i 

0.908 

69 

Tulare 

5 

10 

3 

1 

44.i 

0.942 

19 

P2 

1 

1 

1 

1 

2 

1 

1 

1 

1 

2 

1 

46.9 

28.21^3 

13 

F^  means 

1 

1 

1 

1 

1 
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Table  II  (concluded) 


Days 

to  heading  of  F^ 

and 

P2 

hybrids 

and 

parental 

varieties 

M3 

49  So 

51  52 

53 

54 

55 

56 

57 

58 

59 

60 

6l 

62 

63 

64 

65  66  67 

68  69 

70  Mean 

Variance 

N 

Frontier 

4 

22 

24 

9 

3 

2 

1 

57*9 

1.447 

65 

Bonneville 

8 

22 

20 

20 

7 

2 

60.0 

1.538 

79 

Fi 

6 

3 

1 

54-9 

1.433 

10 

3 

3 

4 

1 

55.3 

1.020 

11 

2 

2 

1 

3 

4 

55.4 

2.445 

12 

F^  (Reciprocal 

cross) 

3 

2 

3 

1 

2 

2 

56.2 

3.358 

13 

P2 

1 

1 

1 

2 

7 

3 

7 

5 

5 

6 

6 

3 

5  1 

2  1 

1  60.9 

14-154 

57 

means 
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EXPERIMENTAL  RESULTS 


1*  Observations  on  the  F^  and  generations 
(a)  Early  x  early  cross 

The  F^  and  F^  data  on  days  to  heading  are  shown  in 
Table  IT  as  collected  in  the  field  in  replicate  five.  These 
data  serve  to  indicate  a  quantitative  mode  of  inheritance. 
The  separate  distributions  are  small  and  the  number  in  each 
varies  tremendously.  The  data  indicate  very  strongly  the 
effect  of  environmental  influences  on  days  to  heading.  The 
variation  within  parent  lines  varies  from  0.8l8  to  3«8£8. 

The  means  are  relatively  stable. 

The  F^  distributions  from  the  cross  Atsel  x  Tulare 
have  mean  values  later  than  either  parent.  The  F^  means  are 
even  later  with  a  preponderance  of  early  plants  indicating 
partial  dominance  of  earliness » 

The  variances  of  the  F^  distributions  are  not 
significantly  different  from  the  variances  of  the  parent 
lines,  indicating  the  presence  of  a  non-heritable  component 
only.  The  variance  of  the  Fg  distributions  far  exceed  that 
of  the  parents  and  F^  indicating  a  variance  component  due  to 
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a  heritable  source  in  addition  to  the  non-heri table  component* 
A  tendency  for  transgressive  segregation  for  lateness  is 
evident  in  the  F^  in  which  case  there  must  be  more  than  one 
locus  involved  in  the  inheritance  of  earliness  in  this  cross* 

(b)  Early  x  late  crosses 

In  the  Atsel  x  Bonneville  cross  the  variances  of 
the  parental  checks  are  not  homogeneous  by  the  F  test  (p<*0.01) 
which  makes  any  testing  of  hybrid  variances  of  doubtful  value* 

The  difference  in  the  mean  days  to  heading  between 
Atsel  and  Bonneville  is  approximately  1?  days,  which  makes 
the  cross  very  suitable  for  this  type  of  study*  The  F^  means 
fall  directly  at  the  mid-point  betiveen  the  two  parents,  an  in¬ 
dication  of  quantitative  inheritance.  The  means  of  the  F2 
distributions  are  in  close  accord  with  that  of  the  F^  and 
hence  intermediate  between  the  two  parents* 

By  using  the  variance  of  Atsel  as  an  estimate  of 
the  non-heritable  variation,  the  F^  variances  do  not  differ 
significantly*  The  F2  variances  as  before  differ  very  sig¬ 
nificantly,  indicating  a  variance  component  due  to  segregation 
of  genes. 

The  cross  Atsel  x  Frontier  is  another  cross  with  a 
wide  differential  in  mean  days  to  heading  of  the  parental 
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varieties*  P^  data  only  are  presented  in  this  cross,  The 
means  tend  to  be  intermediate  between  the  parental  varieties 
and  the  variances,  as  before,  indicate  the  occurrence  of 
genetic  segregation.  These  parental  varieties  show  the  degree 
of  variation  that  might  be  considered  as  the  mean  variation 
for  pure  lines,  (see  Tables  III  to  IX) 

Montcalm  and  Atsel  differ  in  mean  days  to  heading 
by  approximately  eleven  days.  The  F^  means  show  a  tendency 
toward  partial  dominance  for  lateness.  The  P ^  variances  in 
each  case  are  very  significantly  greater  than  that  of  either 
parent. 

In  the  cross  Montcalm  x  Beecher,  there  is  less 
spread  between  the  parental  means  and  a  significant  difference 
between  the  two  parental  variances.  Transgressive  segregation 
for  earliness  tends  to  be  present,  which  was  not  the  case  in 
the  previous  cross. 

Montcalm  x  Tulare  shows  a  spread  between  parent 
means  intermediate  between  those  of  Montcalm  x  Atsel  and 
Montcalm  x  Beecher.  The  parental  variances  are  small  and 
essentially  equal.  The  population  clearly  shows  the  effect 
of  segregation  in  the  heading  of  individual  plants. 
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(c)  Late  x  late  cross 

The  of  Frontier  x  Bonneville  tends  towards 
earlier  plants  than  either  of  its  parents*  The  reciprocal 
cross  has  a  mean  value  between  that  of  the  parents  and  F^. 

Parental  variances  are  small  but  essentially  equal. 

The  variances  of  the  F^  are  not  significantly  different  from 
those  of  the  parent  varieties  but  the  variance  of  the  reci¬ 
procal  cross  is  significant  at  the  %%  level.  The  F^  genera¬ 
tion  shows  transgressive  segregation,  which  indicates  a 
difference  of  at  least  two  genes  between  the  parental  varieties. 

The  F^  means  tabulated  after  each  generation  are 
from  F^  distributions  which  are  too  small  in  number  to  give 
very  much  information. 

The  differences  in  the  variances  found  among  the 
parent  lines  can  be  attributed  partly  to  the  number  of  in¬ 
dividuals  in  each  row,  partly  to  the  increased  area  sampled 
in  longer  rows,  partly  to  the  presence  of  more  biotypes  in 
one  variety  than  in  another  arid  partly  to  sampling  error. 

Table  II,  besides  showing  a  trend  towards  quanti¬ 
tative  inheritance,  illustrates  to  a  marked  degree  the  part 
played  by  non-genetical  factors  in  increasing  and  decreasing 
the  variance  in  the  rows. 


*  ■■■ 

•  ■  ■  ■■  •.  0  'r'  "  J .  •  V -  , ...  ,3  3.R|  r 

•  r  ■  .  "1  - ;  ■-  .  ■  I  '  -  .  . «  ■  ’  i  ;  ■ 

iiiCTi'i  jii-.  TlcaiBo ii-ii  • ..  ?.<?,■  ..  c>. :  f. r  -  >ct  lo  aeon.al'T.GV  ebl 

Bl:  I 

:  bcJ:  !■■>.  l. 

b  :  o:h  .•  ’  •  ;  rfolriv/  tj.  -r";  0  r:  evlooO'r^ii-r^  a,-'c: •  l:  nr:  :  :f 

•  a  ©  - 

0Ti’  aoi .)  a .3*1  no;$o  n  8 II 3  Bsvv-.r.  ftrf~ 

c 


.  -o  f.;  ■  ■  v 

end  bauol  .I'.eonBtfrBV-  e..ul  ni  a  e  one  <18 11 15  3.1? 


-ill.  ■  :  nil 

t  i 

©'  o  _  .  ■  ...  „  •  .  . i  £  ; 

- 

i  id*  -  t;  s  £ 

••  .  ■  '  %  i  3  od  a  ■  ■  i  II.  t8ox  :  £  avi 

bnii  1  lotfo  :  ■ )  I  «j  i  be 


21 


In  summary,  the  data  presented  in  Table  II  indicate 
quantitative  inheritance  with  more  than  one  gene  pair  segre¬ 
gating  in  the  and  with  varying  degrees  of  dominance  be¬ 
tween  the  different  alleles# 
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Table  Ilia 


Atsel 


Tulare 


F 


3 


Days  to  heading  of  F^  plants  and  parental  varieties  19^0  1951 


46 

47 

48 

49 

5o 

5i 

52 

53 

54 

55 

56  57 

58  59  60 

D.T.H. 

Mean 

Variance 

N 

6 

13 

2 

6 

4 

3 

1 

1 

49.2 

3.590 

36 

1 

5 

11 

3 

6 

48.5 

2.338 

26 
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Table  IVc 
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Table  Va 


Days  to  heading  of  F^  plants  and  parental  varieties 
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Table  Vb 


Days  to  heading  of  plants  and  parental  varieties 
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Table  Vc 


Days  to  heading  of  F^  plants  and  parental  varieties 

45  46  47  ij.8  I4.9  50  £l  52  53  54  55  56  57  58  59  80  61  62  63  64  65  66  67  68  69  70  71 
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D.T.H. 

1951 

Mean  Variance 
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Table  Via 


Days  to  heading  of  F,  plants  and  parental  varieties 


1950  1951 


44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  D.T.H.  Mean  Variance 
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Table  VIb 


Days  to  heading  of  plants  and  parental  varieties 

45  ip6  47  i+8  49  5o  51  52  53  54  55  56  57  58  59  6o  6i  62  63  64  65  66  67  68  69  70  71 
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Table  Vic 


Days  to  heading 

;  of 

P3 

plants  and  parental 

varieties 

1950 

1951 

45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  6o  6i  62  63  64  65  66  67  68  69  70  71 

D.T.H. 

Mean 

Variance 

N 

Montcalm 

if 

if 

9 

19  5 

4  2  2 

67 

62.0 

2.748 

if9 

1 

2 

5 

6 

9 

5  17  7 

1 

68 

60.7 

3.553 

53 

Atsel 

if 

4  12 

6 

46 

49.6 

1,686 

26 

17 

10 

43 

50.4 

0.233 

27 

P3 

7 

3 

8 

1 

52 

if®  *9 

2.877 

19 

1 

5 

7 

10 

9 

3 

2 

2 

2 

1 

1 

1 

53 

53.1 

9.562 

ifif 

2 

3 

if 

if 

b 

1 

1 

1 

1 

1 

1 

54 

52.0 

16.044 

23 

1 

5 

3 

2 

2 

1 

2 

if 

k 

54 

53.6 

11.810 

24 

3  5 

1 

if 

6 

6 

3 

1 

3 

if 

7 

3 

2 

1 

2  5 

3 

1 

55 

55.0 

29.966 

59 

2 

2 

if 

b 

7 

1 

58 

51.8 

5.461 

20 

b 

2 

2 

5 

5 

5 

1 

1 

2 

1 

1 

2 

58 

55.5 

IO.923 

31 

2 

3 

5 

1 

11 

b 

if 

5 

8 

if 

1 

59 

56.1 

12.946 

if® 

1 

3 

3 

9 

5 

9 

8 

1 

2 

if 

2 

1 

1 

59 

54-2 

8.264 

if9 

6 

17 

2 

3 

1 

59 

55.2 

1.005 

29 

2 

7 

7 

6 

5 

1 

1 

59 

52.4 

2.180 

29 

5 

if 

7 

6 

7 

1 

1 

3 

2 

1 

59 

54.3 

6.836 

37 

if 

6 

10 

6 

9 

5 

3 

if 

1 

59 

53.5 

6.043 

if® 

1 

1 

2 

5 

12 

9 

1 

2 

1 

60 

54.4 

4-735 

34 

2 

1 

5 

7 

11 

12 

2 

if 

1 

2 

1 

2  2 

60 

55.0 

9.018 

52 

1 

5 

8 

b 

11 

2 

1 

1 

60 

53.2 

4.216 

33 

b 

6 

1 

7 

13 

6 

if 

1 

2 

2 

1 

2 

2 

61 

55.7 

12.772 

51 

2 

1 

6 

3 

10 

7 

2 

2 

if 

1 

1 

1 

61 

54*6 

6.651 

40 

1 

6 

3 

3 

9 

2 

2 

if 

1 

3 

1 

1 

1 

1 

62 

55.1 

14-159 

3® 

b 

3 

2 

if 

7 

1 

2 

1 

2 

6  2 

12  2 

5  12  11 

63 

59  *6 

38.250 

if9 

B II V  sIclbT 


~  delete q  brie  adccd- >  r'  ‘ic  3n::;.:c:l  cd  ;:.y.  cc 


So  IC 

3g 

55 

1 

po 

cr 

•  S5- 

15  05 

04 

1  64' 

y4 

04 

£  r;i 

IS 

ce 

Hi 

\ 

£1 

f!  r 

■  - 

SI 

| 

r  r 

C.  -i- 

C 

e 

5 

1 

s 

r* 

os 

r  1 

. 

28 

£  I 

SI 

I 

I 

r 

p 

I 

1 

p 

P 

£ 

£ 

' 

41 

£ 

5' 

S 

c 

s  1 

I 

4! 

l 

. 

I 

I 

s 

Y 

11 

5 

i 

I 

1 

5 

£ 

5i 

Y 

I 

I 

I 

SI 

s 

4 

e 

I 

SI 

C£ 

t 

1 

i 

r> 

V 

Y 

it 

I, 

s 

s 

I 

01 

£ 

s 

1 

r* 

C 

I 

5 

SI 

8 

I 

r 

! 

a 

:  I 

IS 

Y 

I 

Ic 

Tl 

r 

jl 

£  £ 

rc 

II 

1 

Y 

P 

£1 

-V, 

4 

54  44 


I  I 


' 


19X106  9  a 


-  34  - 
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Table  VII  lb 


Days  to  heading  of  plants  and  parental  varieties  1950  1951 
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2 

4 

1  2 

51.0 

16.615 

40 

4  9 

20 

6 

2 

1 

39 

43.9 

1.161 

42 

7 

9 

4 

3 

2 

1 

40 

44.6 

2.734 

26 

6 

5 

2 

5 

4 

1 

kl 

45.0 

3.000 

23 

3 

•4 

4 

3 

2 

18  4 

5 

2 

45 

48.0 

6 .816 

45 

7  9 

17 

7 

3 

1 

46 

50.8 

1.486 

44 

6 

4 

4 

2 

3  12  2 

1 

1 

46 

47.3 

5.291 

35 

1 

3 

2 

1 

116 

7 

7 

8 

2 

2 

3 

1 

3 

2 

1 

46 

52.7 

24.714 

5i 

1 

4  15  12 

13 

46 

49.7 

1.265 

45 

189 

17 

3 

1 

4 

1 

2 

1 

1  3 

1 

1 

1 

46 

52.4 

13.747 

54 

1  14  8 

25 

1 

2 

46 

50.3 

1.187 

5i 

1 

5 

1 

4 

18 

8 

2 

3 

1 

2 

2 

2 

47 

'  51.5 

12.046 

49 

4  5 

21 

6 

9 

3 

1 

2 

5 

1  1 

2 

:  2 

1 

48 

53.0 

11.143 

63 

1 

1 

2 

2 

3 

4  8  7 

10 

1 

4 

2 

3 

48 

50.2 

11.786 

48 

10 

19 

10 

2  1 

1 

51 

56.3 

1.195 

43 

1  2 

2 

3 

1 

3 

5 

3 

1  11 

k 

.  1 

53 

56.4 

11.568 

37 

2 

4 

5 

3 

3 

1 

2 

1 

1  8 

i 

;  2 

2 

4 

54 

56.6 

18.477 

43 

3 

2  19 

10 

1  1 

3 

6 

55 

59.8 

2.788 

44 

1 

6 

2 

4 

1  5  11 

.  8 

3 

7 

3 

57 

59.2 

12.708 

5i 

1 

3 

7 

7 

4 

2 

2  8 

h 

■  4 

2 

5 

4 

2  1 

57 

58.1 

19.107 

56 
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Table  VIIIc 


Days  to  heading  of  plants  and  parental  varieties  1950  1951 

1+2  lp3  44  1+5  1+6  1+7  1+8  1+9  50  51  52  53  51+  55  56  57  58  59  6o  6l  62  63  61+  65  66  67  68  D.T.H.  Mean  variance  N 


Montcalm 

1 

2 

12 

11 

5 

11 

1 

65 

60.3 

2.005 

43 

8 

11 

7 

jL 

7 

6 

3 

2  1 

59.8 

5.136 

49 

Tulare 

5 

5 

8 

2 

3 

50 

49 .5 

2.625 

23 

2 

1 

11 

1+ 

3 

l 

52 

51.5 

2.161+ 

22 

P3 

1 

2 

1 

1 

2 

1 

3 

5 

3 

1 

1 

1 

1 

2 

51.8 

23.557 

25 

2 

5 

1+ 

2 

6 

10 

2 

1 

1+7 

1+8.8 

17.725 

32 

4 

7 

3 

2 

2 

1 

1+8 

1+3.7 

2.649 

19 

1 

13 

1 

7 

15 

5 

5 

50 

1+9.2 

3.041 

47 

1 

5 

1 

2 

2 

8 

2 

2 

1+ 

2 

2 

1 

51 

1+7.3 

8.938 

32 

1 

1+ 

3 

13 

5 

8 

3 

3 

3 

51 

50.9 

5.218 

43 

1 

1+ 

3 

5 

1 

1 

3 

1 

2 

52 

52.7 

6.434 

21 

1 

6 

11 

7 

2 

3 

1+ 

3 

1 

2 

i 

1 

2 

53 

53.5 

12.767 

44 

2 

2 

3 

4 

3 

6 

1 

1 

1 

1 

2 

53 

50.1+ 

13.686 

26 

3 

3 

3 

2 

3 

4 

6 

1 

2 

51+ 

1+8.7 

12.046 

27 

1 

6 

1 

2 

13 

5 

3 

1 

1 

54 

49.2 

7.778 

33 

1 

5 

3 

1 

1 

1+ 

1 

2 

1 

1 

1 

2 

1 

55 

54*9 

20.660 

25 

1 

2 

1 

1+ 

1 

2 

1 

1 

3 

56 

51.7 

16.763 

16 

3 

7 

7 

1 

5 

2 

2 

2 

2 

2 

2 

56 

54.5 

16.963 

35 

1 

1 

1 

3 

1 

5 

3 

3 

3 

J 

2 

1+ 

3 

57 

56.8 

20.561 

31 

2 

5 

1 

1+ 

1 

2 

1 

2 

1 

1 

58 

53.5 

16.682 

20 

2 

6 

2 

1 

3 

7 

11 

6 

1 

2 

59 

51.8 

16.695 

4i 

2 

6 

2 

1 

1 

5 

7 

7 

6 

1 

2 

3 

63 

57.8 

16.271 

45 

1 

1 

2 

1 

2 

1+ 

2 

10 

10 

7 

1 

2 

1 

61+ 

57.0 

8.789 

44 

2 

1+ 

3 

7 

3 

2 

3 

6 

6 

3 

2 

1 

3 

1 

1 

65 

55.9 

15.679 

47 
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Table  IXa 


Days  to  heading  of  F^  plants  and  parental  varieties  1950  1951 


54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69 

70 

71 

72  73  74  75  76 

77 

78 

79  80 

D.T.H. 

Mean 

Variance 

N 

Frontier 

1 

2 

26 

4 

8 

2 

2 

55 

64.6 

1.780 

45 

l 

24  22 

4 

8 

3 

2 

57 

65.2 

2.007 

64 

Bonneville 

2 

3 

6 

11 

10 

1 

11 

1 

1 

1 

50 

60.9 

4.340 

47 

1 

6 

4 

2 

10 

16 

3 

1 

52 

62.9 

3.343 

43 

f3  1  5 

6 

5 

5 

5 

7 

3 

2 

8 

1 

49 

60.0 

7.956 

48 

2 

3 

4 

2 

3 

1 

2 

5 

3 

1 

1 

1 

3 

7 

4 

2 

50 

67.5 

58.880 

49 

3 

3 

1 

4 

7 

6 

3 

4 

6 

3 

3 

3 

1 

3 

3  1 

54 

64.0 

41.528 

54 

2 

1 

4 

1 

2 

3 

7 

6 

'  6 

6 

2 

1 

4 

1 

3 

1 

2 

54 

65.1 

23.428 

52 

9 

5 

1 

2 

3 

1 

3 

13 

9 

1 

55 

60.7 

10,265 

47 

1 

5 

26  14 

11 

1 

4 

56 

64.8 

1.686 

62 

2  5 

5 

3 

5 

7 

1 

5 

7 

9 

3 

1 

56 

60.7 

10.306 

53 

3  6 

6 

3 

6 

1 

2 

4 

8 

6 

2 

1 

1 

2 

1 

1 

57 

61.5 

28.831 

53 

1 

9 

13 

8 

12 

3 

5 

3 

1 

57 

66.3 

3.618 

55 

1 

7 

2 

5 

4 

4 

7 

3 

3 

7 

5  12 

2 

1 

58 

68.4 

16.081 

54 

1 

3 

1 

4 

2 

5 

17 

7 

2 

1 

2 

3 

2 

2 

2 

1 

60 

65.3 

25.721 

55 

1  4 

6 

2 

7 

5 

6 

4 

3 

9 

2 

1 

2 

1 

2 

1 

61 

61.8 

20.464 

56 

1 

1 

2 

10 

5 

4 

8 

10 

3 

3 

1 

1 

6 

3 

62 

68.1 

21.020 

58 

2 

10 

8 

11 

10 

5 

3 

1 

63 

66,0 

3.020 

50 

2 

1 

2 

7 

16 

5 

2 

6 

3 

2 

1 

64 

64.7 

5.787 
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Table  IXb 


Days  to  heading  of  F-j  plants  and  parental  varieties  1950  1951 

54  55  56  57  58  59  6o  6l  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  D.T.H.  Mean  Variance  N 


Frontier 

4  24 

8 

8 

3 

1 

3 

1 

6l 

64*0 

2.783 

52 

1 

2 

7  14  12 

11 

2 

2 

62 

67.7 

2.834 

51 

Bonneville  - 

4  11 

3 

17 

10 

1 

1 

1 

61.6 

2.659 

48 

1 

19 

18 

13 

if 

3 

3 

1 

644 

2.313 

62 

P3 

4 

13 

11 

9 

4 

4 

l 

64.3 

2,474 

46 

5 

1 

2 

3 

8 

5 

7 

2 

4 

2 

2 

1 

1  1 

1 

1 

66.1 

23.973 

.46 

1 

3 

3 

4 

6 

1 

12 

13 

1 

1 

1 

60.9 

8.462 

46 

1 

5 

18 

4 

11 

4 

1 

1 

1 

3 

50 

57.4 

4.696 

49 

6 

9 

4 

5 

4 

2 

5 

1 

1 

1 

2 

6 

51 

59.7 

17.432 

46 

1 

6 

6 

1 

4 

3 

5 

52 

58.3 

5.275 

26 

2 

3 

4 

4 

6 

4 

4 

1 

1 

3 

4 

1 

2 

53 

59.7 

16.050 

39 

10 

9 

7 

3 

1 

2 

4 

1 

3 

1 

1 

1 

53 

58.3 

12.597 

43 

1 

3 

6 

5 

3 

6 

3 

7 

5 

3 

2 

54 

60.3 

8.610 

44 

3 

2 

5 

2 

5 

2 

3 

5 

12 

8 

2 

54 

60.0 

10.437 

49 

2 

3 

3 

3 

3 

8 

16 

13 

5 

5 

3 

1 

54 

62.8 

7.484 

65 

3 

4 

4 

7 

5 

4 

5 

17 

5 

2 

56 

60.0 

6.509 

56 

2 

6 

2 

9 

3 

3 

15 

7 

7 

4 

56 

60.7 

8.983 

58 

1 

•1 

2 

2 

1 

1 

2 

5 

4 

3 

10 

3 

4 

2 

5 

1 

56 

64.7 

16.760 

47 

2 

2 

3 

8 

7 

5 

1 

4 

4 

1 

1 

2 

3 

1 

57 

65.4 

28.987 

44 

1 

12 

13 

7 

8 

8 

2 

59 

64.8 

2.815 

5i 

3 

14 

9 

9  10 

1 

2 

1 

1 

60 

65.8 

5.247 

50 

2 

1 

1 

5 

2 

2 

3 

5 

1 

3 

6 

7 

1 

61 

71.6 

19.973 

39 

2 

20 

18 

7 

2 

4 

1 

1 

1 

62 

64.3 

3.190 

56 

1 

5 

3 

3 

2 

4 

7 

6 

4 

3 

5 

2 

l  1 

1  1 

63 

67.7 

16.975 
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Table  X 


Correlation  (r) 

between  days 

to  heading 

in  1930 

and  mean  days 

to  heading  in 

1951  for  each 

replicate 

(R)  and 

each  cross. 

Cross 

R 

N1 

r 

.P 

Atsel  x 

1 

15 

0.366 

0.03 

2 

20 

0.723 

<  0.001 

Tulare 

3 

20 

0.837 

<0.001 

Total 

55 

0.720 

c 0.001 

Atsel  x 

1 

15 

0.14.08 

0.13 

2 

20 

0.747 

<  0.001 

Bonneville 

3 

20 

0.8&4 

<  0.001 

Total 

53 

O.163 

0.20 

Atsel  x 

1 

15 

0493 

0.07 

2 

19 

0.663 

0.002 

Frontier 

3 

20 

04.91 

0.03 

Total 

54  . 

0.309 

0.03 

Montcalm  x 

1 

15 

0.974 

<  0.001 

2 

19 

0.833 

<  0.001 

Atsel 

3 

20 

O.676 

<  0.001 

Total 

Sit 

0.340 

<  0.001 

Montcalm  x 

1 

13 

0.821 

<  0.001 

2 

19 

0.897 

<  0.001 

Beecher 

3 

20 

0.888 

<  0.001 

Total 

54 

O.608 

<  0.001 

Montcalm  x 

1 

0.746 

0.002 

2 

19 

O.956 

<  0.001 

Tulare 

3 

19 

0.798 

<  0.001 

Total 

33 

0.689 

<  0.001 

Frontier  x 

1 

13 

0.289 

0.23 

2 

17 

0.856 

<  0.001 

Bonneville 

3 

19 

0.759 

<  0.001 

Total 

31 

0.387 

0.007 
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Number  of  pairs  of  observations 
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Table  XI 

Comparisons  between  the  means  of  representative  F^  materials 


sown  3  weeks  apart# 


Cross 

Replicate1 

Mean  of  F^ 

Difference2 

N3 

Atsel  x 

1 

5o.3 

5 

15 

2 

50.2 

5 

20 

Tulare 

3 

5i. q 

7 

20 

5 

45.0 

12 

Atsel  x 

1 

56.1 

4 

15 

2 

56.1 

4 

20 

Bonneville 

3 

55.2 

3 

20 

5 

52.2 

2 

Atsel  x 

1 

57.0 

6 

15 

2 

57.7 

6 

20 

Frontier 

3 

57.4 

6 

20 

. 5  ..  . . 

51.3 

10 

Montcalm  x 

1 

55.5 

7 

15 

2 

55.2 

7 

20 

Atsel 

3 

54.2 

6 

20 

5 

48.5 

4 

Montcalm  x 

1 

52.6 

2 

15 

2 

52.6 

2 

20 

Beecher 

3 

52.7 

2 

20 

.  5  . . 

50.3 

6 

Montcalm  x 

1 

51.2 

6 

15 

2 

51.8 

6 

20 

Tulare 

3 

52.0 

.  .  7 

20 

5 

45.5 

7 

Frontier  x 

1 

64*3 

6 

1$ 

2 

62.6 

4 

20 

Bonneville 

3 

63.5 

5 

20 

5 

58.5 

5 

1.  Replicate  5>  seeded  3  weeks  later  than  replicates  1,2  and  3. 

2.  Difference  in  whole  days  between  replicate  5>  and  repli¬ 
cates  1,  2  and  3  respectively* 

3o  Number  of  F^  means  that  determine  mean  of  F y 
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Table  XII 


Differences 

in  mean  days  to 

heading  of 

parental  varieties 

sown 

3  weeks 

apart 

Variety 

Replicate 

Mean 

Difference'1’ 

N2 

O.A.C.  21 

1,  2  and  3 

6o„l 

6 

32 

3 

54.4 

7 

Atsel 

1,  2  and  3 

30.2 

7 

30 

5 

43.4 

4 

Beecher 

1,  2  and  3 

30.3 

3 

11 

5 

43.2 

2 

Tulare 

1,  2  and  3 

49.8 

6 

13 

3 

44-2 

4 

Montcalm 

1,  2  and  3 

60.3 

6 

27 

3 

34-3 

3 

Frontier 

1,  2  and  3 

63.0 

7 

18 

5 

38.2 

3 

Bonneville 

1,  2  and  3 

62.3 

3 

26 

5 

39-1 

3 

1.  Difference  in  whole  days  between  date  1  (replicates  1,  2 
and  3)  and  date  2  (replicate  $) • 

2.  Number  of  rows  represented  in  each  mean. 
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2.  Observations  on  the  generation 

(a)  Correlation  between  1950  and  1951  data 

The  F^  distributions,  as  they  appeared  in  the  field 
are  shown  in  Tables  III  to  IX  with  the  corresponding  parental 
lines  grouped  at  the  top  for  convenience.  Table  a  is  of  the 
first  replicate,  table  b  is  of  the  second  replicate  and 
table  c  is  of  the  third  replicate  in  each  case.  Days  to 
heading  of  each  plant  in  1950  (D.T.H.),  the  mean  of  each 
distribution  grown  from  each  plant  in  1951#  the  variance  of 
each  distribution  and  the  number  of  plants  in  each  (N)  are 
tabulated  in  columns  at  the  right  of  each  table. 

The  replicates  each  consist  of  plants  whose  pro¬ 
genitors  were  grown  in  distinct  photoperiods  in  1950.  There¬ 
fore  an  overall  correlation  within  a  particular  cross  between 
days  to  heading  of  F^  plants  and  mean  days  to  heading  of  F^> 
plants  will  not  give  a  true  picture  of  the  relationship  be¬ 
tween  the  two  without  an  adjustment  be  Ween  the  three  repli¬ 
cates.  The  separate  correlation  data  are  summarized  in 
Table  X. 

It  will  be  noted  that  the  second  replicate  in  each 
case  gave  consistently  high  correlation  values  between  days 
to  heading  in  1950  and  mean  days  to  heading  in  1951*  This 
may  be  due  to  a  greater  similarity  between  the  two  respective 
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photoperiods  or  environmental  conditions  in  general,  i.e., 
replicate  2  in  1950  perhaps  corresponded  more  closely  to  the 
photoperiod  in  1951* 

Replicate  3  also  gave  highly  significant  correlation 
values  with  the  exception  of  the  cross,  Atsel  x  Frontier, 
which  was  significant  at  the  %%  level# 

In  the  case  of  replicate  1,  the  crosses  involving 
Frontier  and  Bonneville  showed  no  significant  association  be¬ 
tween  1950  days  to  heading  and  1951  mean  days  to  heading. 

The  environment  may  have  had  an  effect  which  did  not  permit 
detection  of  the  association. 

These  two  varieties  were  perhaps  most  sensitive  to 
photoperiodic  conditions.  Atsel  and  Tulare  fend  to  be  simi¬ 
larly  affected  but  to  a  lesser  degree.  Of  the  two,  Tulare 
appears  to  be  the  me-s-b  sensitive. 

The  correlation  coefficients  calculated  from  the 
combined  data  of  the  three  replicates  are  not  very  informative 
since  each  replicate  is  from  a  different  population. 

Further  evidence  of  the  effect  of  the  environment 
on  mean  days  to  heading  is  given  in  Tables  XI  and  XII.  Due 
to  the  varying  number  of  F^  lines  grown  in  replicate  5#  the 
data  serve  only  to  indicate  an  interaction  between  varieties 
in  the  cross  and  environment,  presumably,  light  and  tempera¬ 
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The  data  in  Tables  XI  and  XII  are  in  agreement. 
Bonneville  and  Beecher  seem  to  be  the  least  affected  by 
environment  and  crosses  involving  these  two  varieties  seem  to 
bear  this  out. 
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Table  XIII 

The  number  of  segregating  and  non- segregating  F^  lines  as 


determined  by  the  F  test. 


No.  of 

No .  of 

Hypoth¬ 

Seg. 

Non- seg. 

esized 

Chi- 

Cross 

Replicate 

lines 

lines 

Ratio 

square 

P 

Atsel  x 

1 

10 

3 

2 

5 

13 

Tulare 

3 

10 

10 

Total 

23 

30 

1:1 

.  0.433 

0.30 

Atsel  x 

1 

11 

4 

2 

13 

5 

Bonneville 

3 

.  lit  .. 

6 

Total 

ko 

13  . 

3:1 

0.132 

0.70 

Atsel  x 

1 

12 

3 

2 

i4 

6 

Frontier 

3 

17 

3 

Total 

43 

12 

3:1 

0.297 

o.6o 

Montcalm  x 

1 

13 

2 

2 

13 

3 

Atsel 

3 

17 

3 

Total 

43 

10 

3:1 

1.364 

0.23 

Montcalm  x 

1 

12 

3 

2 

10 

10 

Beecher 

3 

15 

5 

Total 

37 

18 

3:1 

1.732 

0.13 

Montcalm  x 

1 

13 

2 

2 

12 

8 

Tulare 

3 

18 

2 

Total 

43 

12 

3:1 

0.297 

o.6o 

Frontier  x 

1 

12 

3 

2 

17 

3 

Bonneville 

3 

111- 

6 

Total 

43 

12 

3:1 

0.29? 

o.6o 
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Table  XlVa 

Frequency  distribution  of  F^  means  (days  to  heading) 


Atsel  x  Tulare 


D.T.H. 

f 

Class 

xc 

f 

fi 

f 

f 

Atsel 

Tulare 

46 

1 

47 

l 

48 

4 

49 

4 

49.5 

48 

10 

8 

2 

1 

50 

9 

2 

4 

51 

18 

2 

52 

9 

. .  49  .5 

52.5 

51 

36 

14 

i 

53 

6 

54 

3 

>52.5 

54 

9 

8 

55 

r  0 

55 

30 

6 

•6 

^  Frequency  of  F^  non- segregating  lines* 

Mean  of  F^  means  =  $0 *9 

Chi-square  for  goodness  of  fit  to  1:1  ratio  =  5*291 

p  =  0.075 


Figure  1 


Mean  days  to  heading  of  F^  lines  from  the  cross 
Atsel  x  Tulare.  A*  Frequency  polygon  of  mean  days  to  heading 
of  F^  lines  (solid  line)  and  mean  days  to  heading  of  parental 
varieties  (broken  line).  B.  F^  means  classified  into  3 
phenotypic  classes  according  to  a  1:2:1  ratio  (single-gene 
inheritance) •  The  cross-hatched  histograms  show  the  pro¬ 
portion  of  non- segregating  F^  lines.  C.  Histograms  of  the 
respective  parental  varieties  that  entered  into  the  cross, 
with  that  of  the  female  parent  uppermost. 
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Table  XI Vb 

Frequency  distribution  of  F^  means  (days  to  heading) 
Atsel  x  Bonneville  


D.T.H. 

f 

Class 

xc 

f 

r1 

f  f 

Atsel  Bonneville 

49 

1 

5o 

2 

3 

51 

1 

48.5 

5o 

3 

2 

52 

2 

53 

5 

.  54  

9 

51.5 

53 

16 

10 

55 

8 

56 

k 

57 

11 

54.5 

56 

23 

4 

58 

5 

* 

59 

3  ’ 

6o 

2 

57.5 

59 

10 

6i 

2 

2 

62 

1 

2 

63 

6o.5 

62 

o 

1 

1 

6ii 

1 

55 

55 

15 

6  6 

^  Frequency  of  F^  non- segregating  lines. 

Mean  of  F^  means  =  55  •  8 

Chi-square  for  goodness  of  fit  to  3:1  ratio  =  1.776 

p  =  0.70  -  0.80 


Figure  2 


Mean  days  to  heading  of  F^  lines  from  the  cross 
Atsel  x  Bonneville*  A.  Frequency  polygon  of  mean  days  to 
heading  of  F^  lines  (solid  line)  and  mean  days  to  heading  of 
parental  varieties  (broken  line) .  B.  F^  means  classified 
into  5  phenotypic  classes  according  to  a  X 2 Ip : 6 : 14. ;  1  ratio 
(two-gene  inheritance) *  The  cross-hatched  histograms  show 
the  proportion  of  non- segregating  F^  lines*  C.  Histograms 
of  the  respective  parental  varieties  that  entered  into  the 
cross  with  that  of  the  female  parent  uppermost. 
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Table  XIVc 


Frequency 

distribution 

of  F^ 

means 

(days  to  heading) 

Atsel  x 

Frontier 

D.T.H. 

f 

Class 

Xc 

f 

f1  r  f 

Atsel  Frontier 

4-9 

2 

50 

47.95 

49.5 

1 

51 

3 

52 

1 

53 

1 

50.95 

52.5 

4 

3 

54 

5 

55 

8 

?6 

6 

53.95 

55-5 

19 

5 

57 

7 

58 

7 

59 

8 

56.95 

58.5 

23 

4 

6o 

9 

6i 

2 

62 

59-95 . 

6i*5 

8 

63 

64 

2 

65 

1 

62.95 . . 

64.5 

1 

2 

66 

67 

2 

55 

55 

12  6  6 

1  Frequency  of  non- segregating  lines. 

Mean  of  F^  means  =  57  *4- 

Chi-square  for  goodness  of  fit  to  3 :1  ratio  -  6*503 


Figure  3 


Mean  days  to  heading  of  F^  lines  from  the  cross 
Atsel  x  Frontier#  A.  Frequency  polygon  of  mean  days  to 
heading  of  F^  lines  (solid  line)  and  mean  days  to  heading  of 
parental  varieties  (broken  line).  B.  F^  means  classified 
into  5  phenotypic  classes  according  to  a  1  :1|:1  ratio 

(two-gene  inheritance).  The  cross-hatched  histograms  show 
the  proportion  of  non- segregating  F^  lines.  C.  Histograms 
of  the  respective  parental  varieties  that  entered  into  the 
cross,  with  that  of  the  female  parent  uppermost. 
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Table  XlVd 


Frequency  distribution  of  F^  means  (days  to  heading) 
Montcalm  x  Atsel 


D.T.H. 

f 

Class 

Xc 

f 

f1 

f  f 

Montcalm  Atsel 

.49. 

2 

45.5 

47.5 

2 

1 

5o 

2 

5 

51 

3 

1 

52 

7 

53 

0 

49-5 

51.5 

18 

4 

54 

9 

* 

55 

9 

56 

6 

57 

3 

53.5 

55.5 

27 

4 

58 

l 

59 

2 

6o 

1 

2 

6l 

2 

59.5  * 

'  6 

1 

2 

62 

2 

63 

64 

65 

61. 5 

.. .  63.5 

22 

66 

67 

68 

1 

69 

65.5 

70 

1 

/ 

55 

55 

10 

6  6 

Frequency  of  F^  non- segregating  lines. 

2  Classified  arbitrarily  into  fifth  phenotypic  class. 
Mean  of  F^  means  =  54*9 

Chi-square  for  goodness  of  fit  to  3:1  ratio  =  8.8^5 


p  =  0.0£  -  0«10 


Figure  I4. 


Mean  days  to  heading  of  F^  liyies  from  the  cross 
Montcalm  x  Atsel*  A.  Frequency  polygon  of  mean  days  to 
heading  of  F^  lines  (solid  line)  and  mean  days  to  heading  of 
parental  varieties  (broken  line)*  B.  F^  means  classified 
into  5  phenotypic  classes  according  to  a  1: lj_: 6 : ip :  1  ratio 
(two-gene  inheritance)*  The  cross-hatched  histograms  show 
the  proportion  of  non- segregating  F^  lines.  C.  Histograms 
of  the  respective  parental  varieties  that  entered  into  the 
cross,  with  that  of  the  female  parent  uppermost* 
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Table  XlVe 

Frequency  distribution  of  F^  means  (days  to  heading) 
Montcalm  x  Beecher 


D.T*H. 

f 

Class 

Xc 

f 

f1 

f  f 

Montcalm  Beecher 

47 

2 

48  .  . 

2 

.  45-5 

 47 

4 

4 

49 

4 

1 

50 

4 

2 

51 

7 

48.5 

..  50 

i5 

4 

2 

52 

12 

1 

53 

6 

54 

4 

51.5 

53 

22 

3 

55 

4 

56 

3 

57 

2 

54.5 

56 

9 

6 

58 

3 

59 

1 

i 

6o 

1 

57.5 

59 

5 

1 

3 

6l 

2 

55 

55 

18 

6  6 

Frequency  of  F^  non- segregating  lines* 

Mean  of  F^  means  =  52*7 

Chi-square  for  goodness  of  fit  to  3*1  ratio  =  2*6ij_9 


p  =  0*50  -  0*70 


Figure  5 


Mean  days  to  heading  of  the  F^  lines  from  the  cross 
Montcalm  x  Beecher.  A.  Frequency  polygon  of  mean  days  to 
heading  of  F^  lines  (solid  line)  and  mean  days  to  heading  of 
parental  varieties  (broken  line).  B.  F^  means  classified 
into  p  phenotypic  classes  according  to  a  l:Lj.:6:Ij.:l  ratio 
(two-gene  inheritance).  The  cross-hatched  histograms  show 
the  proportion  of  non- segregating  F^  lines.  C.  Histograms 
of  the  respective  parental  varieties  that  entered  into  the 
cross,  with  that  of  the  female  parent  uppermost. 
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Table  XI  Vf 

Frequency  distribution  of  means  (days  to  heading) 
Montcalm  x  Tulare   


D.T.H. 

f 

Class 

Xc 

f 

fi 

f  f 

Montcalm  Tulare 

44 

2 

.  45 . 

2 

4i.5 

.  43.5  . 

4 

4 

46 

47 

4 

48 

1 

2 

49 

5 

45.5 

47.5 

10 

1 

5o 

10 

• 

- 

2 

5i 

4 

1 

52 

6 

- 

1 

53 

4 

49-5 

51.5 

24 

5 

54 

2 

• 

55 

•  2  - 

56 

6 

57 

•  3 

53.5 

55.5 

13 

1 

58 

2 

59 

1 

2 

6o 

1 

■  3 

6l 

57.5 

59.5 

4 

1 

1 

55 

55 

12 

6  6 

Frequency  of  F^  non- segregating  lines* 
Mean  of  F^  means  =  £1.8 

Chi-square  for  goodness  of  fit  to  3:1  ratio 

P 


1*800 

0*70  -  0.80 


Figure  6 


Mean  days  to  heading  of  F^  lines  from  the  cross 
Montcalm  x  Tulare.  A.  Frequency  polygon  of  mean  days  to 
heading  of  F^  lines  (solid  line)  and  mean  days  to  heading  of 
parental  varieties  (broken  line).  B.  F^  means  classified 
into  5  phenotypic  classes  according  tona  1  :l4.:6:lj.:l  ratio 
(two-gene  inheritance).  The  cross-hatched  histograms  show 
the  proportion  of  non- segregating  F^  lines.  C.  Histograms 
of  the  respective  parental  varieties  that  entered  into  the 
cross,  with  that  of  the  female  parent  uppermost. 


Montcalm  x  Tulare 


Number 


of 


Plants 


0 


51-5 


c 


0 


436 


59-5 


Days  to  Heading 


eioluT  x  miootrtoM 


s-ia  ac* 
3  gR 


pniboeH  of  g^oG 


0 


-  62  - 

Table  XI Vg 


Frequency  distribution  of  F^  means  (days  to  heading) 
Frontier  x  Bonneville 


D.T.H. 

f 

Class 

Xc 

f 

r1 

f  f 

Frontier  Bonneville 

55 

1 

56 

..  57 

1 

53.5 

55.5 

2 

1 

58 

3 

59 

2 

60 

7 

6l 

k 

57.5 

59.5- 

16* 

1 

62 

2 

3 

63 

1 

• 

1 

61]. 

9 

3  1 

65 

11 

61.3 

63.5 

23 

9 

2 

66 

•  7 

• 

67 

68  • 

4 

1 

69  ... 

1 

65.5 

67.5 

12 

2 

70 

1 

71 

1 

71.5 

2 

55 

55 

12 

6  6 

±  Frequency  of  F^  non- segregating  lines. 

Mean  of  F^  means  =  63*5 

Chi-square  for  goodness  of  fit  to  3:1  ratio  =  2.067 


p  =  o.gO  -  0.70 


Figure  7 


Mean  days  to  heading  of  F^  lines  from  the  cross 
Frontier  x  Bonneville*  A.  frequency  polygon  of  mean  days  to 
heading  of  F^  lines  (solid  line)  and  mean  days  to  heading  of 
parental  varieties  (broken  line)*  B.  F^  means  classified 
into  5  phenotypic  classes  according  to  a  1 : Ip;6 s ip:  1  ratio 
(two-gene  inheritance)*  Th„e  cross-hatched  histograms  show 
the  proportion  of  non- segregating  F^  lines.  C.  Histograms 
of  the  respective  parental  varieties  that  entered  into  the 
cross,  with  that  of  the  female  parent  uppermost. 
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Classification  of  the  F^  means  into  their  respective 
phenotypic  classes  was  suggested  by  the  ratios  of  segregating 
to  non- segregating  F0  lines  (Table  XIII)*  This  classification 
is  outlined  in  Tables  XIV  a  to  g  and  represented  graphically 
in  Figures  1  to  7* 

(b)  Early  x  early  cross 

The  F^  lines  from  the  cross  Atsel  x  Tulare  gave  a 
1:1  (segregating  to  non- segregating)  ratio  and  were  conse¬ 
quently  classified  into  three  phenotypic  classes  on  the 
basis  of  their  mean  values*  Extremes  beyond  the  variation 
of  the  parents  were  recovered  (transgressive  segregation) 
which  suggests  a  difference  of  more  than  one  gene  in  this 
cross.  The  distribution  of  homozygotes  in  the  3  classes  is 
additional  evidence  against  a  one-gene  hypothesis*  It  is 
possible  that  the  varieties  Atsel  and  Tulare  differ  in  one 
major  gene  and  that  this  gene  is  conditioned  in  its  effect 
by  a  number  of  minor  genes;  or  that  the  two  varieties  may 
differ  at  two  major  loci  with  minor  modifying  genes  that 
affect  the  phenotypic  expression* 


'  ■ '  :  ;  -  t.  ::  o  rc  j; • 1 .  « 1 1) 

;v:i  v;o.;vV\;  ,r..,.d  br  .  -C  vi;  rto;:,s^i'o  -j  £r -to  <■:>■■■  :;iq 

~ 

■  ■  ;  ' 

*  ,  c-f  I  e!  ■  '  ; 

./  c  .  ••  [■.;) 

H  fV3;.:  J>n  eco'Xo  oTJ  aeriil  o,uT 

~  ,  •  -  r<*  .  .  S 

‘■i'j  no  :  o.noj'o  noon  :o:<  on  r  ocrfbb  r> a  a.ro 

A  -  ■  A'  : 

(  u,:2  :aa -■■■■. T'  ,  v- ?:  aaaa  ■  noj  boon-,  oo  .nr.  o  ■  b  ...  'Xfy  ooi  lo 

nc  on  bo 

.  ■ 

'  :'V'  * '  '  a  a  ~e'A 

.  •:  .'-a.  :  \  Lb  ■  ::  '  -a;  ci  A  •:  a  ao\I‘f.  see; 

j’C  :c. A.  A’AV  .  ■ ..  A  ' Oi  a  ->0.0  r-  A  ;  aa’aa; 

a  , aa; v  -V..;  •  a  A'Aa:  AA  aaaaaa  aa, . ;  ,  ‘ ,  A  ■  n.O  d'*  a  AA  ,vi  (x 

■ 

. 


-  65  - 


(c)  Early  x  late  crosses 

All  crosses  between  early  and  late  varieties  gave 
evidence  of  incomplete  and  varying  degrees  of  dominance* 

The  reciprocal  crosses,  late  x  early,  show  evidence  of  trans¬ 
gressive  segregation  for  earliness*  This  is  not  shown  in 
the  crosses  between  early  x  late  varieties*  The  number  of 
parental  recoveries  in  each  of  these  crosses  (expected  total 
=7)  is  in  agreement  with  the  type  of  inheritance  suggested 
by  the  ratios  of  segregating  to  non- segregating  lines* 

(d)  Late  x  late  cross 

The  cross  Frontier  x  Bonneville  shows  pronounced 
transgressive  segregation  for  both  earliness  and  lateness. 
Although  -Bhese  varieties  are  similar  in  their  date  of  maturity, 
the  variety  Bonneville  has  a  winter  barley  in  its  line  of 
ancestry  which  might  explain  the  gene  difference  between 
these  two  varieties.  The  3:1  ratio  (segregating  to  non¬ 
segregating)  suggests  a  two-gene  difference,  the  similarity 
between  dates  of  maturity  suggests  each  variety  having  an 
equal  number  of  increasing  and  decreasing  allelomorphs  and, 
finally,  transgressive  segregation  places  the  increasing 
allelomorphs  in  each  variety  at  different  loci. 
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The  distribution  of  homozygotes  in  the  phenotypic 
classes  varies  with  each  cross;  that  of  Atsel  x  Tulare  is 
perhaps  the  poorest  and  that  of  Montcalm  x  Tulare  the  best 
distribution.  The  means  of  lines  with  the  genotype  AABBCC 
or  aabbcc  are  relatively  more  stable  than  the  means  of  lines 
with  the  genotype  AaBBCC  or  AABbCC,  (segregation  at  one 
locus)  which  in  turn  are  more  stable  than  the  means  of 
lines  that  show  segregation  at  two  loci.  With  this  idea  in 
mind  it  is  realized  that  the  classification  based  on  means 
is  perhaps  too  rigid,  and  that  means  falling  on  the  class 
borders  should  be  assessed  taking  their  relative  stabilities 
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CONCLUSIONS 


The  method  of  determining  the  mode  of  inheritance 
in  barley  used  in  this  study  can  at  best  determine  only  the 
number  of  gene  differences  between  the  two  varieties  that 
entered  into  the  cross.  With  a  knowledge  of  the  origins  of 
the  varieties  it  is  reasonable  to  suppose  that  varieties 
with  a  similar  phenotype  may  have  genes  for  earliness  each 
at  different  loci.  Although  plants  within  a  variety,  on  the 
basis  of  their  true  breeding  behaviour,  are  alike  in  geno¬ 
type  for  major  genes,  they  may  very  well  differ  in  varying 
degrees  for  minor  genes,  dominance,  and  epi stasis.  The  best 
estimate  of  the  gene  difference  is  the  average  number  of 
genes  in  which  the  two  varieties  differ* 

The  most  definite  conclusion  that  may  be  drawn  is 
that  the  parental  varieties  studied  differ  at  two  loci.  The 
genes  involved  in  six  of  the  crosses  appear  to  be  equal  in 
effect,  while  in  one,  Atsel  x  Tulare,  they  may  vary  In 
effectiveness.  Minor  genes,  modifying  genes  and  growth  or 
vigour  genes  may  modify  the  effects  of  the  major  genes. 
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